Two field experiments were conducted at Private Farm Al-Doaa region, Baltim, Kafr Ash Shaykh, Egypt in 2015Egypt in , 2016 seasons to study the effect of some osmo-regulators and/or antioxidants to ameliorate the harmful effects of salinity stress on Top Star hybrid sweet pepper (Capsicum annuum, L) plants in sandy soil under drip irrigation system, during the early summer season on vegetative growth, fruit yield and quality.The obtained results could be summarized as follows:Soil application of Kitasal (2 ml/l) gave the longest plant, heaviest fresh and dry weight, largest leaf area, and gave the highest fruit yield (ton/fed.) compared with other treatments in both seasons. All foliar applications significantly increased all studied parameters compared with the untreated plants. The superior application was 250 ppm glycine-betaine followed by Glutathione (50 ppm) or Potassium silicate (250 ppm) in both seasons, respectively. Interaction between soil application of Kitasal (2 ml/l) and foliar application of glycine-betaine (250 ppm) gave the highest values of vegetative growth represented by plant height, leaf area fresh and dry weight along with, fruit yield and its component represented by fruit weight, yield/plant, and total yield/fed. From the obtained results it could be concluded that, using Kitasal (2ml/l) as soil application in combination with foliar application of 250 ppm glycine-betaine improved both growth and yield of sweet pepper plants under salinity condition.
INTRODUCTION
Sweet pepper (Capsicum annuum ,L) is known as a favorite and widespread vegetable crop over the world, its fruit rich in antioxidants, vitamins and minerals for human diet and healthy ( Mateos et al., 2003) .
One of the most important abiotic stresses is salinity in soil or water (Tables: 1 and 2) hence, it is reported that more than 6% of land area of the world is affected by salinity stress. The main causes of salinity problem in agricultural areas are wrong management of soil and water, low rainfall and high evaporation. (Arzani, 2008) .
It is well known that pepper plants are classified sensitive to moderately sensitive to salt stress (Lee, 2006) , witch severely inhibits plant growth and yield (Paridam and Das, 2005) for two reasons, first by an osmotic or water-deficit effect of salinity and second by a salt-specific or ion excess effect of NaCl. Moreover, plants subject to salinity stress conditions produce cytotoxic activated oxygen that can seriously disrupt normal metabolism, through oxidative damage of lipids, proteins, and nucleic acids (Abbaspour, 2012) .
Soil application by salinity curing compounds is a good tool for alleviating the harmful effects of salinity and improving productivity and quality of sweet pepper plants. In this direction, Kitasal plays a dual role in alleviating salinity stress since, it contains Calcium that ameliorates the effect of salt stress by competing with sodium ions for membrane-binding sites, play an important role in processes that preserve the structural and functional integrity of plant membranes, regulate ion transport and control activities of cell wall enzymes (Rengel, 1992) accompanied with poly hydro carboxylic acids that has a fundamental role in reducing the adverse effect of salt stress in all growth parameters and this belongs to its structure, especially for organic matter and organic acids which act as balance of charges formed during the extensive metabolism of anions such as nitrate (NO3) and in modulating adaptation to the environment (Jasim et al. 2015) .
Potassium silicate acts as an ameliorative agent due to its role in decreasing the negative effects of sodium chloride (NaCl) where potassium ions compete with sodium ions in the root zone (Chen et al., 2007) , silicate has been shown to mitigate adverse effects of water, mineral deficiency (Ma et al., 2001) and alleviate the effects of biotic stresses including salt stress, metal toxicity and nutrient imbalance (Ma, 2004) .
Salicylic acid is a signaling or messenger molecule in plants and induces plant tolerance against various biotic and abiotic stresses (Horvath et al., 2007) . Glutathione is a strong antioxidant which prevents damage to important cellular components caused by ROS (Pompella et al., 2003) .
Glycine betaine is very common to be accumulated during salt stress and play a fundamental role in osmotic adjustment in plants (Szabados and Savoure, 2010) .
Citric acid plays an essential role in signal transduction system, membrane stability and functions, activating transporter enzymes, metabolism and translocation of carbohydrates. In addition, it consider as one of non-enzymatic antioxidants which act to eliminate free radicals produced in plants under stress (Yan-Lin and Soon 2001) .
Amino acids (Vegetamin) are directly or indirectly involved in the regulation of plant responses to environmental signals related to abiotic or biotic stress (Ashraf and Harris, 2004) .
The present work is an attempt to evaluate the effects of some osmo-regulators and/or antioxidants to ameliorate the harmful effects of salinity stress on sweet pepper plants in sandy soil under drip irrigation system, under the conditions of Baltim, Kafr Ash Shaykh, Egypt in both seasons of study.
MATERIALS AND METHODS
Two successive experiments were conducted at AlDoaa region, Baltim, Kafr Ash Shaykh, Egypt in 2015, 2016 seasons to study the effect of osmo-regulators i.e. (Glycinebetaine and Vegtamin) and/or antioxidants i.e. (Salicylic acid, Glutathione and Citric acid) for ameliorating the harmful effects of salinity stress on Top Star hybrid sweet pepper (Capsicum annuum L) plants in sandy soil under drip irrigation system, during the early summer season. Split plot design with three replications was adopted; main plots as soil application and sub plots as foliar applications.
Experimental treatments:
Soil application of Kitasal (0, 1 and 2 ml/L) commercial compound produced by JISA Company, Spain and imported by Pharmaceutica Company, Egypt contains: 9.30% w/w calcium oxide, polyhydrocarboxylic acids 17.50% w/w and calcium complexed with lignosulphonic acid.
Foliar applications (Potassium Silicate (200 ppm), Salicylic Acid (250), Glutathione (50 ppm), Glycine-betaine (250 ppm), Citric Acid (2000 ppm), Vegetamin (2ml/L), commercial compound produced by JISA Company, Spain and imported by Pharmaceutica Company, Egypt contains: free amino acids 20.0% w/w (Alanine, Aspartic, Glutamate, Glycine, Isoleucine, Leucine, Lysine, Phenylalanine, Proline, Serine,Threonine, Valine), total Nitrogen 5.5 % w/w, organic Carbon 13.9% w/w and organic matter 24.0% w/w. , Mix application as half concentration of each foliar treatment and control.
The plants were applied with treatments 4 times, the first application 30 days after transplanting with 10 days intervals.
Data recorded: Vegetative growth:
After 75 days from transplanting five plants were randomly taken from each plot for determining the following data:
Plant height,(cm/plant), fresh weight (gm/plant) and dry weight (gm/plant). Total leaf area (m2), total fresh weight includes tip parts and root and dry weight (g/plant).
b. Yield and its components:
Fruits of each plot were harvested at the proper maturing stage, counted and weighted in each harvest and the following parameters were collected:
Number of fruits, fruit length, flesh thickness, average weight of fruit (gm) and total yield (ton/fed.).
Statistical analysis:
All data were statistically analyzed based on ANOVA and Duncan's Multiple Range Test of means by using Costat statistical software (V. 6.311 CoHort Software).
RESULTS AND DISCUSSION

Vegetative growth characters: Effect of soil application:
Data presented in Table ( 3) showed that using Kitasal as soil application at concentration 2ml/l ameliorated the adverse effects of salinity stress and showed the highest values than other treatments in all vegettive growth characters, i.e., plant height ,Leaf area and fresh and dry weight followed by the concentration of 1ml/l in both seasons .
Similar results were obtained by Fenn and Taylor, (1990); Fenn et al., (1991) Jasim et al. (2015) on salt stressed squash.
Effect of foliar application:
Data in Table ( 3) indicated that glycine -betaine gave the highest improvements in plant height ,leaf area , fresh and dry weights followed by glutathione then potassium silicate, in addition all applied treatments showed a significant improvements in all studied growth parameters compared with the untreated ones in both seasons .These results were agreed with those of Sanaa et al. (2013) using glycine -betaine on cotton plants and Rezaei et al.(2012) on salt stressed soybean plants .
In addition, Manivannan et al. (2016) stated that, potassium silicate had a positive effect on growth of pepper plants and alleviated the deletrious effects of salt stress.
Effect of interactions:
Data in Tables (4) indicated that, the effect of all interactions were significantly improved plant height in the two seasons,fresh weight and dry weight as well as leaf area.
In general, kitasal at2 ml/l combined with glycine-betaine, glutathione flowed by potassium silicate or salicylic acid gave the best interaction results in all studied growth parameters during the two seasons respectively. While, the lowest one was kitasal at 0 or 1ml with vegetamin flowed by citric acid or control in the two seasons. Those results can be attributed to the structural and functional role of calcium in integrity of plant membranes, regulation of ion transport and control activities of cell wall enzymes (Rengel, 1992) . In addition Organic acids play important roles in nutrient soluble and restricting the passage of toxic metals across the root and attracting beneficial microorganisms (Jasim et al. 2015) . Yield and its components: Effect of soil application: Data in Table ( 5) showed that ,soil treatment with kitasal 2ml/l gave the highest significant yield parameters represented in number of fruits/plant ,fruit average weight and total fruit yield also it improved fruit physical characteristics as shown in table (7) hence, it improved fruit length, diameter and flesh thickness at the two seasons . While the lowest one was of the untreated plants in both seasons. These results are in harmony with those of ) Saeed and Ahmad 2009 (by using soil application with calcium source witch improved fruit yield of tomato plants.
Effect of foliar application:
Data presented in Table ( 5) showed the effect of foliar application on yield and its components. It is clear that all treatments significantly affected all studied characters. The application with glycine -betaine was the best in number of fruits/plant, average fruit weight, yield/fed .Followed by glutathione or potassium silicate in the two seasons, respectively .The same trend was appeared in fruit physical characters table 7. Similar results were obtained by Mäkelä et al. (1998) on tomato , Sakr et al. (2015) and (Kamal, 2013) on pepper respectively.
Effect of interactions:
It is clearly in Table ( 6) that all interactions significantly improved Yield and its components and physical fruit parameters (Table, 8 ) in both seasons of study. Generally, the best interaction in number of fruits/ plant, total yield/fed. And fruit average weight was kitasal 2ml/l and foliar application with glycine-betaine, glutathione and potassium silicate respectively. Whereas the lowest was 0 and 1 ml/l kitasal with citric acid and non-treated plants in both seasons. These results showing the additive effect of soil and foliar treatments in improving yield by enhancing nutrients uptake, alleviating salinity and scavenging harmful toxic compounds (Pompella et al. 2003; Demiral and Turkan, 2006) . 
CONCLUSION
It could be concluded that soil application with kitasal at 2ml/l and spraying with glycine-betaine on sweet pepper plants under salinity conditions gave the highest values of vegetative growth represented by plant height, leaf area fresh and dry weights and fruit yield and its components represented by fruit weight, yield/plant, and total yield/fed.
